We study charmed and strange baryon resonances that are generated dynamically by a unitary baryon-meson coupled-channel model which incorporates heavy-quark spin symmetry. This is accomplished by extending the SU(3) Weinberg-Tomozawa chiral Lagrangian to SU(8) spin-flavor symmetry plus a suitable symmetry breaking. The model produces resonances with negative parity from s-wave interaction of pseudoscalar and vector mesons with 1/2 + and 3/2 + baryons. Resonances in all the isospin, spin, and strange sectors with one, two, and three charm units are studied. Our results are compared with experimental data from several facilities, such as the CLEO, Belle or BaBar Collaborations, as well as with other theoretical models. Some of our dynamically generated states can be readily assigned to resonances found experimentally, while others do not have a straightforward identification and require the compilation of more data and also a refinement of the model. In particular, we identify the Ξc(2790) and Ξc(2815) resonances as possible candidates for a heavy-quark spin symmetry doublet.
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I. INTRODUCTION
In the last decades there has been a growing interest in the properties of charmed hadrons in connection with many experiments such as CLEO, Belle, BaBar, and others . Also, the planned experiments such as PANDA and CBM at the FAIR facility at GSI [37, 38] , which involve the studies of charm physics, open the possibility for observation of more states with exotic quantum numbers of charm and strangeness in the near future. The observation of new states and the plausible explanation of their nature is a very active topic of research. The ultimate goal is to understand whether those states can be described with the usual three-quark baryon or quarkantiquark meson interpretation or, alternatively, qualify better as hadron molecules.
Recent approaches based on coupled-channels dynamics have proven to be very successful in describing the existing experimental data. In particular, unitarized coupled-channel methods have been applied in the arXiv:1202.2239v2 [hep-ph] 4 Jul 2012 baryon-meson sector with the charm degree of freedom [39] [40] [41] [42] [43] [44] [45] , partially motivated by the parallelism between the Λ(1405) and the Λ c (2595). In those references, the baryon-meson interaction in the charm sector is constructed using the t-channel exchange of vector mesons between pseudoscalar mesons and baryons. Other existing coupled-channel approaches are based on the Jülich meson-exchange model [46] [47] [48] or on the hidden gauge formalism [49] .
However, those previous models are not consistent with heavy-quark spin symmetry [50] [51] [52] , which is a proper QCD symmetry that appears when the quark masses, such as the charm mass, become larger than the typical confinement scale. Aiming to incorporate heavy-quark symmetry, an SU (8) spin-flavor symmetric model has recently been developed [53, 54] , which includes vector mesons similarly to the SU(6) approach developed in the light sector Refs. [55, 56] . Following this scheme, baryon resonances in the charm sector have been studied, such as the s-wave states in the charm C = 1 and strangeness S = 0 sector [53] , as well as C = −1 sectors [54] , which are necessarily exotic.
The objective of this work is to continue those studies on dynamically generated baryon resonances using heavy-quark spin symmetry constraints. We will focus on charm C = 1 and strangeness S = −3, −2 and −1, as well as on sectors with C = 2 and 3. We therefore use the model of Ref. [53] , and as novelty we pay here special attention to the pattern of spin-flavor symmetry breaking. Flavor SU (4) is not a good symmetry in the limit of a heavy charm quark, for this reason, instead of the breaking pattern SU(8) ⊃ SU (4) , in this work we consider the pattern SU(8) ⊃ SU (6) , since the light spin-flavor group (SU (6) ) is decoupled from heavy-quark transformations. This allows us to implement heavy-quark spin symmetry in the analysis and to unambiguously identify the corresponding multiplets among the resonances generated dynamically. At the same time, we are also able to assign approximate heavy (SU (8) ) and light (SU(6)) spin-flavor multiplet labels to the states.
We would like to devote a few words here to critically discuss the extension of the Weinberg-Tomozawa (WT) interaction to vector mesons and to flavor SU(4) assumed in this work. Because at present we lack a robust scheme to systematically construct an effective field theory approach to study four flavor physics, one has to rely on models, including as many as possible known features of QCD. Most of the available models in the literature, assume SU(4) flavor symmetry in one way or another and this is probably the weakest point of the whole approach, as well as some arbitrary pattern of symmetry breaking.
As usually understood, chiral symmetry refers only to the light-quark sector, i.e., at best to flavor SU (3) , and it could very well be the case that no trace of it survives in sectors involving charm. However, spectroscopic data indicate that the large charm-quark mass acts mainly in an additive way on the hadron masses. This still leaves the possibility that the effect of the large quark mass introduces only moderate changes in other hadron properties. Chiral symmetry breaking fixes the strength of the lowest order interaction between Goldstone bosons and other hadrons (here baryons) in a model independent way, this is the WT interaction, but chiral symmetry does not fix the interaction between vector-mesons and baryons. On the other hand, heavy quark spin symmetry (HQSS) connects vector and pseudoscalar mesons containing charmed quarks. It does not tell anything about mesons made out of light quarks. Nevertheless, there exist several predictions (relative closeness of baryon octet and decuplet masses, the axial current coefficient ratio F/D = 2/3, the magnetic moment ratio µ p /µ n = −3/2) which are remarkably well satisfied in nature [57] , which suggests that spin symmetry could be a good approximate symmetry in the light sector. This is the spin-flavor SU (6) symmetry of the quark model already identified in the hadronic properties before the advent of QCD (see, for instance [58] ). Moreover, in the large N c limit (being N c the number of colors) there exists an exact spin-flavor symmetry for ground state baryons [59] . In the meson sector, an underlying static chiral U (6) × U (6) symmetry has been advocated by Caldi and Pagels [60, 61] , in which vector mesons would be Goldstone bosons acquiring mass through relativistic corrections. This scheme solves a number of theoretical problems in the classification of mesons and also makes predictions which are in remarkable agreement with the experiment.
The number of couplings between low-lying hadrons with four flavors is very large, and the amount of available spectroscopic data is still reduced. It is clearly appealing to have a predictive model for four flavors including all basic hadrons (pseudoscalar and vector mesons, and 1/2 + and 3/2 + baryons) which reduces to the WT interaction in the sector where Goldstone bosons are involved and which incorporates heavy-quark symmetry in the sector where charm quarks participate. The model assumption in the present extension does not appear to be easy to justify directly from QCD, but, on one hand, it is worth trying it in view of the reasonable semi-qualitative outcome of the SU(6) extension in the three-flavor sector [63] . On the other hand, there is a formal plausibleness on how the SU(4) WT interaction in the charmed pseudoscalar meson-baryon sector did come out in the vector-meson exchange picture, as discussed in the t-channel vector model exchange (TVME) approach [42] . We just want to do a simple match making of the two, with the bonus that we improve on previous models since we incorporate spin symmetry HQSS in the charm sector.
The paper has been organized in the following way. In the next section a description of the theoretical model is given. The third section presents the results of our calculation, and in the last section we summarize the conclusions of this work. In Appendix A we show results incorporating a suppression factor for the charm-exchange transitions. The tables of the interaction matrices for the different baryon-meson channels are collected in Appendix B.
II. THEORETICAL FRAMEWORK
A. Spin-flavor and heavy-quark structure of the baryon-meson interaction
For the baryon-meson interaction we use the model of [53, 54] . As mentioned, this model obeys SU(8) spinflavor symmetry and also HQSS in the sectors studied in this work. The SU(6) version of the model has been also applied to the study of mesonic [62] and baryonic [63] light resonances.
The model is based on an extension of the WT SU(3) chiral Lagrangian to implement spin-flavor symmetry [56, 64] . The channel space is augmented with vector mesons and 3/2 + baryons, in addition to pseudoscalar mesons and 1/2 + baryons. The interaction includes only s-wave, which is appropriate for the description of low-lying odd parity baryon-meson resonances.
In the SU(8) spin-flavor scheme, the mesons, M , fall in the irrep 63-plet (adjoint representation) plus a singlet, while the baryons, B, are placed in the 120-plet, which is fully symmetric. This refers to the lowest-lying hadrons with all quarks in relative s-wave. The extension of the WT Lagrangian is a contact interaction between baryon and meson modeling the zero-range t-channel exchange of mesons in the adjoint representation. Schematically,
In the s-channel, the baryon-meson space reduces into the following SU(8) irreps:
therefore the single 63-like coupling in the t-channel (see Eq.
(1)) corresponds to four s-channel couplings. These are proportional to the following eigenvalues:
In our convention for the potential, a negative sign in the eigenvalues implies an attractive interaction. Then, from the eigenvalues, we find that the multiplets 120 and 168 are the most attractive ones while the 4752-plet is weakly attractive and the 2520-plet is repulsive. As a consequence, dynamically-generated baryon resonances are most likely to occur within the 120 and 168 sectors. The other SU (8) irrep are necessarily exotic, as they cannot be obtained fromstates, that is, from 4 ⊗ 4 ⊗ 4 in flavor SU(4).
1 It is also instructive to draw the attention here to some of the findings of Ref. [56] when the number of colors N C departs from 3 [64] . There it is shown 1 The states in the 168 cannot be obtained from 8 ⊗ 8 ⊗ 8 of spinflavor if a relative s-wave is assumed but they appear by allowing p-wave states, so exotic is better defined with regards to flavor.
that, in the 168 SU(8) irreducible space, the SU(8) extension of the WT s-wave baryon-meson interaction scales as O (1) . Note that SU(3) WT counterpart in some channels also scale as O(1) because the coupling strength for some channels behaves as O(N C ), which compensates O(1/N C ) coming from the square of the meson decay constant [65] . However, the WT interaction behaves as O(1/N C ) within the 120 and 4752 baryon-meson spaces. This presumably implies that 4752 states do not appear in the large N C QCD spectrum, since both excitation energies and widths grow with an approximate √ N C rate. To take into account the breaking of flavor symmetry introduced by the heavy charmed quark, we consider the reduction
where SU(6) is the spin-flavor group for three flavors. SU C (2) is the rotation group of quarks with charm. We consider only s-wave interactions so J C is just the spin carried by the charmed quarks or antiquarks. Finally U C (1) is the group generated by the charm quantum number C. The two main SU(8) multiplets have the following reductions
plets reduce as follows
The decomposition of the SU(6)×SU C (2)×U C (1) multiplets under SU(3) × SU(2) is shown in Figs. 1, 2, 3 for the multiplets in Eq. (5) with C = 1, 2, 3 (except the singlets). The further reduction into (C, S, I, J) multiplets is also displayed.
Collecting the various CSIJ multiplets in the strongly attractive representations 120 and 168, we can estimate the expected number of dynamically generated baryonmeson resonances. These expected numbers of states are shown in Table I . In the next section we find that none of these states for the sectors with charm goes to a wrong Riemann sheet in the complex s-plane, and so they can be identified with physical states. Heavy-quark spin operators are suppressed by the inverse mass of the heavy quark, therefore HQSS is a fairly good approximate symmetry of QCD [50, 51] and it is mandatory to implement it in any hadronic model involving charmed quarks. HQSS implies conservation of the number of charmed quarks, N c , and of the number of charmed antiquarks, Nc, with corresponding symmetry group U c (1) × Uc(1). In addition, there is invariance under the group SU(2) × SU(2) of separate rotations of spin of c andc. Although such invariance is not automatically ensured by requiring spin-flavor symmetry, 4 spin-flavor does imply HQSS whenever only heavy quarks are present (but not heavy antiquarks), or only heavy antiquarks are present (but not heavy quarks (3)) one can recover the purely charmless 56 1,0 and construct another 56 1,0 of the form |lll |cc (l standing for light quarks). When the hidden charm components are dropped, one 56 1,0 combination remains while the other one disappears. These considerations can be extended to the other irreps in Eq. (5). This explains why, when dropping the hidden charm components, we still get the same number of expected states quoted in Table I , even if the total dimension of the full meson-baryon space is reduced.
B. Unitarization in coupled channels
The tree-level baryon-meson interaction of the SU(8)-extended WT interaction, reads
Here, i and j are the outgoing and incoming baryonmeson channels, respectively. M i , E i , and f i stand, respectively, for the mass and the center of mass energy of the baryon and the meson decay constant in the i channel. D ij are the matrix elements for the various CSIJ sectors considered in this work. They are displayed in Appendix B. The matrix elements can be evaluated using the method described in the Appendix A of Ref. [53] , or using the Clebsch-Gordan coefficients computed in Ref. [67] .
In order to calculate the scattering amplitudes, T ij , we solve the on-shell Bethe-Salpeter equation in coupled channels using the interaction matrix V as kernel: G(s) is a diagonal matrix containing the baryon-meson propagator for each channel. D, T , V , and G are matrices in coupled-channel space. All these matrices are symmetric and block diagonal in CSIJ sectors, producing the corresponding symmetric submatrices D CSIJ , T CSIJ , V CSIJ , and G CSIJ . The bare loop function G 0 ii (s) is logarithmically ultraviolet divergent and needs to be renormalized. This can be done by one-subtraction at a subtraction point
Here we adopt the prescription of [42] , namely, µ i depends only on CSI and equals m 2 th + M 2 th , where m th and M th are, respectively, the masses of the meson and the baryon of the channel with the lowest threshold in the given CSI sector. G ii is determined (see Eq. (14) of Ref. [63] ) by the loop functionJ 0 defined in the Appendix of Ref. [68] for the different relevant Riemann sheets.
An enlightening discussion on the dependence on the subtraction point has been presented in [69] . There, a "natural" value is introduced for the subtraction point, namely, the mass of the lightest baryon in the given coupled-channel sector (see [70] for an alternative definition of natural value). As argued in [69] , the natural value needs not coincide with the phenomenological one, and a comparison between both provides valuable information on the nature of the resonances generated dynamically, to wit, quark vs molecular structures. In the present exploratory work the phenomenological values, obtained from reproducing experimental data on the position of the resonances, are not available in general. With regard to the prescription of Ref. [42] , this choice was justified in [42] by guaranteeing an approximate crossing symmetry although, as noted in [53] such a claim appears somewhat dubious because crossing symmetry involves isospin mixtures. Thus choosing an alternative subtraction point might lead to yet another reasonable result. This prescription for the subtraction point was indeed used in the SU(6) model [63] . The SU(6) approach recovered previous results for the lowestlying 1/2 − and 3/2 − baryon resonances appearing in the scattering of the octet of Goldstone bosons off the lowest baryon octet and decuplet given in Refs. [71, 72] , and lead to new predictions for higher energy resonances, giving a phenomenological confirmation of its plausibility.
In Ref. [53] the value of the subtraction point was slightly modified to obtain the position of the Λ c (2595) resonance. In the present work the value has not been modified because, on one hand, results for the resonances in C = 1, S = 0 sector did not change substantially by varying the value of the subtraction point and, on the other hand, there is scarce experimental information about resonances in the other strange and charm sectors beyond C = 1, S = 0.
The dynamically-generated baryon resonances can be obtained as poles of the scattering amplitudes for given CSIJ quantum numbers. One has to check both first and second Riemann sheets of the variable √ s. The poles of the scattering amplitude on the first Riemann sheet (FRS) on the real axis that appear below threshold are interpreted as bound states. The poles that are found on the second Riemann sheet (SRS) below the real axis and above threshold are called resonances. Poles on the SRS on, or below the real axis but below threshold will be called virtual states. Poles appearing in different positions than the ones mentioned can not be associated with physical states and are, therefore, artifacts. For any CSIJ sector, there are as many branching points as channels involved, which implies a complicated geometry of the complex s-variable space [68] .
The mass and the width of the resonance can be found from the position of the pole on the complex energy plane. Close to the pole, the T -matrix behaves as
The mass and width of the resonance follow from
2 Γ R , while the dimensionless constant g i is the coupling of the resonance to the i channel. Since the dynamically-generated states may couple differently to their baryon-meson components, we will examine the ijchannel independent quantitỹ
which allows us to identify all the resonances within a given sector at once. The matrix elements D ij display exact SU(8) invariance, but this symmetry is severely broken in nature, so we implement various symmetry-breaking mechanisms.
As said we only keep channels without charmed antiquarks, to comply with HQSS. This means to remove channels with extra cc pairs. Such channels are heavier than the basic ones so they would be kinematically suppressed anyway. However, the suppression introduced by HQSS in the matrix elements is more severe and we simply take the infinite c-quark mass limit in those wouldbe couplings (but, of course, not in the charmed hadron masses).
In addition, several soft symmetry-breaking mechanisms are introduced. In the present work we use physical values for the masses of the hadrons and for the decay constants of the mesons since we consider that mesonbaryon states interact via a point-like interaction given by the SU(8) model extension of the WT interaction. The values used in this work are quoted in Table II . We have checked in a previous work [63] that this approach leads to a reasonable description of the odd parity light baryon resonances. Indeed, we found that most of the low-lying three and four star odd parity baryon resonances with spin 1/2 and 3/2 can be dynamically generated within this scheme.
Also in Appendix A we discuss the effects induced by a possible reduction in the matrix elements for which an exchange of charm between meson and baryon takes place. The introduction of these quenching factors does not spoil heavy-quark spin symmetry, however, it amounts to a further source of flavor breaking. In schemes formulated in terms of exchanges of vector mesons, this reduction would be induced by the larger mass of the charmed vector meson exchanged as compared to those of the vector mesons belonging to the ρ nonet, which are exchanged when there is not exchange of charm.
The symmetry breaking pattern, with regards to flavor, follows the chain SU(8) ⊃ SU(6) ⊃ SU(3) ⊃ SU(2), where the last group refers to isospin. To tag the resonances with these quantum numbers, we start from the SU(8)-symmetric scenario, where hadrons in the same SU(8) multiplet share common properties (mass and decay constants). This produces a single resonance for the 120-irrep and another for the 168-irrep. Subsequently, Meson mass decay constant SU(6) SU(3) HQSS Baryon mass SU(6) SU (3) 80 MeV, similar to the Ξ c − Ξ * c mass splitting, the masses for Ωcc, Ω * cc are given in Ref. [75] and for Ωccc in Ref. [76] . The decay constants fi are taken from Ref. [53] , except for fη c and f J/Ψ . We take f J/Ψ from the width of the J/Ψ → e − e + decay and we set fη c = f J/Ψ , as predicted by HQSS and corroborated in the lattice evaluation of Ref. [77] . The SU(6) × SUC (2) × UC (1) and SU(3) × SU(2) labels are also displayed. The last column indicates the HQSS multiplets. Members of a doublet are placed in consecutive rows.
the SU(8) ⊃ SU(6) breaking is introduced by means of a deformation of the mass and decay constant parameters. Specifically, we use
The parameter x runs from 0 (SU(8)-symmetric scenario) to 1 (SU(6) symmetric scenario). The symmetric masses and decay constants are assigned by taking an average over the corresponding multiplet. The same procedure is applied to the other breakings, with
and
It should be noted that SU(6) and SU(3), as well as HQSS, are broken only kinematically, through masses and meson decay constants. On the other hand, the breaking of SU(8) comes also from the interaction matrix elements, since we have truncated the SU(8) multiplets by removing channels with cc pairs, in order to enforce HQSS. Nevertheless, to have SU(8) assignations is important in our scheme to be able to isolate the dominant 168 and 120 SU(8) irreps, and get rid of the subdominant and exotic 4752. Therefore, instead of starting from an SU(6) × HQSS symmetric scenario, we find it preferable to start from a SU(8) symmetric world, and let the charmed quarks to get heavier. In this way the offending channels with cc pairs tend to decouple kinematically as we approach the physical point. At the end, we remove those channels and this introduces relatively small changes for the low-lying resonances that we are studying.
The procedure just described allows us to assign welldefined SU(8), SU(6) and SU(3) labels to the resonances. Conceivably the labels could depend on the precise choice of symmetric points or change if different paths in the parameter manifold were followed, but this seems unlikely. At the same time, the HQSS multiplets form themselves at the physical point, since this symmetry is present in the interaction, and also, very approximately, in the properties of the basic hadrons. In order to un-ambiguously identify those multiplets, one simply has to adiabatically move to the HQSS point, by imposing exact HQSS in the masses and decay constants of the basic hadrons. The members of a multiplet get exactly degenerated under this test.
Because light spin-flavor and HQSS are independent symmetries, the members of a HQSS multiplet always have equal SU(6), SU(3) and SU(2) labels. Quite often, the SU(8) label is also shared by the members of a HQSS multiplet, but not always, since this property is not ensured by construction.
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III. DYNAMICALLY GENERATED CHARMED AND STRANGE BARYON STATES
In this section we show the dynamically generated states obtained in the different charm and strange sectors. We have assigned to some of them a tentative identification with known states from the PDG [73] . This identification is made by comparing the data from the PDG on these states with the information we extract from the poles, namely the mass, width and, most important, the couplings. The couplings give us valuable information on the structure of the state and on the possible decay channels and their relative strength. It should be stressed that there will be mixings between states with the same CSIJ P quantum numbers but belonging to different SU(8), SU(6) and/or SU(3) multiplets, since these symmetries are broken both within our approach and in nature. Additional breaking of SU(8) (and SU(6) and SU(3)) is expected to take place not only in the kinematics but also in the interaction amplitudes. This will occur when using more sophisticated models going beyond the (hopefully dominant) lowest order retained here.
Masses, widths and main couplings of the resonances found are displayed in Tables III-IX. The tables are collected by the quantum numbers CSI. States with equal CSI and spin J = 1/2 and J = 3/2 have been collected together in order to put HQSS multiplets members in consecutive rows. As a rule, two states with J = 1/2 and J = 3/2 and equal SU(8), SU(6) and SU(3) labels form a HQSS doublet (with some exceptions in the case of the SU (8) In what follows, we occasionally use an asterisk in the symbol of the states to emphasize that a resonance has spin J = 3/2, for instance Λ * c denotes a state with CSIJ = (1, 0, 1/2, 3/2). The symbol without asterisk may refer to the generic case or to the J = 1/2 case. 5 Note that if HQSS were an exact symmetry of the basic hadrons, we could move from the physical point to the SU(6) symmetric point while preserving HQSS all the way. However, to reach the SU(8) symmetric point would require to restore channels with cc pairs, breaking HQSS, and in the way members of a common HQSS can end up in different SU(8) irreps.
A. Λc states (C = 1, S = 0, I = 0 )
We present the poles obtained in the C = 1, S = 0 and I = 0 sector coming from the 120 and 168 SU(8) representations. Moreover, we determine the coupling constants to the various baryon-meson channels through the residues of the corresponding amplitudes, as in Eq. (10) . Results for C = 1 and S = 0 were reported previously in Ref. [53] . However, the analysis of the dynamically generated states in terms of the attractive SU(8) ⊃ SU(6) ⊃ SU(3) ⊃ SU(2) multiplets was not done in this previous reference. Here we are able to assign SU(8), SU(6) and SU(3) labels to the resonances. Simultaneously, we also classify the resonances into HQSS multiplets, in practice doublets and singlets. This is of great interest as this symmetry is less broken than spinflavor, being of a quality comparable to flavor SU(3).
In the sector C = 1, S = 0, I = 0, J = 1/2, there are 16 channels (the threshold energies, in MeV, are shown below each channel): The dynamically generated states are shown in Table III. We obtain the three lowest-lying states of Ref. [53] in this sector. We display in Fig. 4 the channel independent scattering amplitude defined in Eq. (11) in the SRS for this sector, where these three poles clearly show up. However, those states appear with slightly different masses as compared to Ref. [53] . The reason is that the subtraction point was slightly changed in this previous work in order to reproduce the position of the SU(8) SU (6) Λ c (2595) [14, 15, 21, 73, 78] . The same scaling factor of the subtraction point was introduced in all the sectors in [53] . Another difference with [53] is that there the value f D * s = f D * = 157.4 MeV was used, whereas here we use the more correct value f D * s = f Ds = 193.7 MeV. These two modifications will affect the comparison of other sectors too. A permutation on the order of the two first resonances as compared to Ref. [53] is also observed.
The experimental Λ c (2595) resonance can be identified with the 21 2,1 pole that we found around 2618.8 MeV, as similarly done in Ref. [53] . The width in our case is, however, bigger due to the increase of the phase space available for decay. As indicated in Ref. [53] , we have not included the three-body decay channel Λ c ππ, which already represents almost one third of the decay events [73] . Therefore, the experimental value of 3.6 +2.0 −1.3 MeV is still not reproduced. Our result for Λ c (2595) agrees with previous works on t−channel vector-meson exchange models [39, 42, 44, 45] , but here as we first pointed out in Ref. [53] , we claim a large (dominant) N D * component in its structure. This is in sharp contrast with the findings of the former references, where it was generated mostly as one N D bound state.
In Fig. 4 , we also observe a second broad resonance at 2617.3 MeV with a large coupling to the open channel Σ c π, very close to Λ c (2595). This is precisely the same two-pole pattern found in the charmless I = 0, S = −1 sector for the Λ(1405) [66, 79, 80] .
As discussed in Ref. [53] , the pole found at around 2828 MeV, and stemming from the 120 SU(8) irreducible representation, is mainly originated by a strong attraction in the Ξ c K channel but it cannot be assigned to the Λ c (2880) [16] [17] [18] 73] because of the spin-parity determined by the Belle collaboration.
Some of the states found have coupling to channels with hadrons which are themselves resonances, like ∆, ρ or D * . Their widths can be taken into account in the calculation by doing a convolution, as done for instance in [74] . In practice the effect of introducing this improvement is found to be negligible on the position of the dynamically generated states. The reason is that in all cases the decay thresholds for these channels are far above the pole, as compared to the widths involved. In fact, the widths of the basic hadrons can be safely neglected in all sectors for the low-lying states we obtain. We find one pole in this sector (see Fig. 5 and Table III ) located at (2666.6 − i26.7 MeV).
In Ref. [53] , this structure had a Breit-Wigner shape with a width of 38 MeV and coupled most strongly to Σ * c π. It was assigned to the experimental Λ c (2625) [14, [19] [20] [21] 73] . The Λ c (2625) has a very narrow width, Γ < 1.9 MeV, and decays mostly to Λ c ππ. The reason for the assignment lies in the fact that changes in the subtraction point could move the resonance closer to the position of the experimental one, reducing its width significantly as it will stay below its dominant Σ * c π channel. In our present calculation, we expect then a similar behavior.
A similar resonance was found at 2660 MeV in the tchannel vector-exchange model of Ref. [43] . The novelty of our calculation is that we obtain a non-negligible contribution from the baryon-vector meson channels to the generation of this resonance, as already observed in Ref. [53] . The three resonances obtained for J = 1/2 (Table IV and Fig. 6 ) are predictions of our model, since no experimental data have been observed in this energy region.
Our predictions here nicely agree with the three lowest lying resonances found in Ref. [53] .
The model of Ref. [45] , based on the full t-channel vector exchange using baryon 1/2 + and pseudoscalar mesons as interacting channels, predicts the existence of two resonances with I = 1, J = 1 2 , S = 0, C = 1. In this reference, the first one has a mass of 2551 MeV with a width 0.15 MeV. It couples strongly to the ΣD s and N D channels and, therefore, might be associated with the resonance Σ c (2572) with Γ = 0.8 MeV of our model. Nevertheless, in our model this resonance couples most strongly to the other channels which incorporate vector mesons, such as Σ * D * s and ∆D * , as it is shown in the Table IV and seen in Ref. [53] .
The second resonance predicted in Ref. [45] has a mass of 2804 MeV and a width of 5 MeV, and it cannot be compared to any of our results because it is far from the energy region of our present calculations. This resonance, though, was identified with the state found in Ref. [42] at a substantially lower energy, 2680 MeV, and in Ref. [44] around 2750 MeV. The two predicted states are shown in Fig. 7 and their properties are collected in Table IV . A bound state at 2568.4 MeV (2550 MeV in Ref. [53] ), whose main baryonmeson components contain a charmed meson, lies below the threshold of any possible decay channel. This state is thought to be the charmed counterpart of the hyperonic Σ(1670) resonance. While the Σ(1670) strongly couples to ∆K channel, this resonance is mainly generated by the analogous ∆D and ∆D * channels. The second state at 2692.9 MeV has not a direct comparison with the available experimental data, as discussed in Ref. [53] . In fact, the experimental Σ c (2520) [22] [23] [24] 73 ] cannot be assigned to any of these two states due to parity as well as because of the dominant decay channel, Λ + c π (d-wave). With regards to the experimental Σ(2800) [25, 26, 73] , there is also no correspondence with any of our states due to its high mass and also the empirically dominant Λ c π component. Heavier resonances were produced in [53] but they come from the SU(8) irrep 4752 which we have disregarded here. We now study the C = 1, S = −1, I = 1/2 sector for different spin, J = 1/2 and J = 3/2. None of the strange sectors, and in particular this one, were studied in [53] . Those states are labeled by Ξ c and and our model predicts the existence of nine states stemming from the strongly attractive 120 and 168 SU(8) irreducible representations.
Sector J = 1/2
The 31 channels and thresholds (in MeV) for this sector are: Six baryon resonances were expected (Table I) and found in this sector. The mass, width and couplings to the main channels are given in Table V be assigned with one of the six resonances in the J = 1/2 sector. The experimental J P = 3/2 − Ξ c (2815) resonance will be analyzed in the J = 3/2 sector.
The state Ξ c (2790) has a width of Γ < 12 − 15 MeV and it decays to Ξ c π, with Ξ c → Ξ c γ. We might associate it to our 2733, 2775.4 or 2804.8 states. Because the small coupling of 2775.4 to the Ξ c π channel, it seems unlikely that it might correspond to the observed Ξ c (2790) state. In fact, the assignment to the 2804.8 state might be better since its larger Ξ c π coupling and the fact that a slight modification of the subtraction point can lower its position to 2790 MeV and most probably reduce its width as it will get closer to the Ξ c π channel, the only channel open at those energies that couples to this resonance. Moreover, this seems to be a reasonable assumption in view of the fact that, in this manner, this Ξ c state is the HQSS partner of the 2845 Ξ * c state, which we will identify with the Ξ c (2815) resonance of the PDG. Nevertheless, it is also possible to identify our pole at 2733 MeV from the 168 irreducible representation with the experimental Ξ c (2790) state. In that case, one might expect that if the resonance position gets closer to the physical mass of 2790 MeV, its width will increase and it will easily reach values of the order of 10 MeV.
In Ref. [45] five baryon resonances were found in this sector for a wide range of energies up to 2977 MeV. As discussed in this reference, none of these five states seemed to fit the experimental Ξ c (2790) because of the small width observed. Higher-mass experimental states, such as the Ξ c (2980) [27, 33, 34, 73] , might correspond to one of the two higher mass states in Ref. [45] . In our calculation, none of the states can be identified with such a heavy resonant state. In Ref. [42] three resonances appear below 3 GeV: 2691 MeV, 2793 MeV, and 2806 MeV, which mostly couple to DΣ,KΣ c , and DΛ, respectively. Those states are very similar in mass to some of those obtained in our calculations and we might identify the first two states, 2691 and 2793, to our 2699.4 and 2804.8 states because of the dominant decay channel. The resonances predicted by the model and generated from the 120 and 168 irreducible representations are compiled in Table V The only experimental J P = 3/2 − baryon resonance with a mass in the energy region of interest is Ξ c (2815) [27, 32, 73] . The full width is expected to be less than 3. In this section we will discuss the C = 1, S = −2 and I = 0 resonant states with J = 1/2 and J = 3/2 coming from the 120 and 168 SU (8) representations. States with the I = 1 and the J = 5/2 belong to the 4752-plet and are not discussed in this work.
The 15 physical baryon-meson pairs that are incorporated in the I = 0, J = 1/2 sector are as follows: According to our analysis, there are three bound states which can be generated dynamically as baryon-meson molecular entities resulting from the strongly attractive representations of the SU(8) group. In Table VI and Fig. 10 we show the masses, widths, and the largest couplings of those poles to the scattering channels.
There is no experimental information on those excited states. However, our predictions can be compared to recent calculations of Refs. [42, 45] . In Ref. [45] three resonances were found, one with mass M 1 = 2959 MeV and width Γ 1 = 0 MeV, a second one with M 2 = 2966 MeV and Γ 2 = 1.1 MeV, and the third one with M 3 = 3117 MeV and Γ 3 = 16 MeV. The dominant baryonmeson channels areKΞ c ,KΞ c , and DΞ, respectively. Three resonant states with lower masses were also observed in Ref. [42] , but with slightly different dominant coupled channels. In both previous references, vector baryon-meson channels were not considered, breaking in this manner HQSS. In fact, it is worth noticing that the coupling to vector baryon-meson states play an important role in the generation of the baryon resonances in this sector. Furthermore, we have checked that other states stemming to the 4752-plet with the same quantum numbers might be seen in this energy region and, therefore, a straightforward identification of our states with the results of Refs. [42, 45] might not be possible.
Sector J = 3/2
In the C = 1, S = −2, I = 0, J = 3/2 sector, there are 15 coupled channels: We obtain two bound Ω * c states (Table VI and Fig. 11) , with masses 2814.3, and 2980.0, which mainly couple to ΞD * and Ξ * D * , and to Ξ * cK , respectively. As seen in the J = 1/2 sector, no experimental information is available. In Ref. [43] , two states at 2843 MeV and 3008 MeV with zero width were found. Those states couple most strongly to DΞ andKΞ c , respectively, so an identification between the resonances in both models is not possible. In the C = 2 sector no experimental information is available yet. Therefore, all our results are merely predictions of the SU(8) WT model.
The 22 channels (thresholds are also given in MeV) for C = 2, S = 0, I = 1/2 and J = 1/2, are as follows: The three predicted poles in the Ξ cc sector can be seen in the Table VII (4) anti-sextet and 15-plet. In this paper, we only consider those states coming from the strongly attractive SU(8) 120-and 168-plets. Therefore, only three states are expected in this sector. Moreover, an identification among resonances in both models is complicated because the strong coupling of our states to channels with vector mesons, not considered in this previous reference.
In the Ξ * cc sector, the following 20 channels are coupled: Table VII and Fig. 13) .
In Ref. [43] , two states were obtained at 3671 MeV and 3723 MeV, with dominant coupling to the channels Σ c D and Ξ cc π, respectively. However, the analysis there was done on the basis that the Ξ cc (3519) resonance found in is, in fact, a J P = 3/2 + state, whereas, in our calculation this resonance is the ground state, J P = 1/2 + . It is argued in [43] that the second resonance should be more reliable in view of the dominant coupling to a baryonGoldstone boson. Moreover, it was mentioned the necessity of implementing heavy-quark symmetry by incorporating 0 − and 1 − charmed mesons as well as 1/2 + and 3/2 + baryon in the coupled-channel basis. Therefore, in both models, the implementation of heavy-quark symmetry seems to move to higher energies the expected resonant states as well as to change their dominant molecular components. The 17 channels in this Ω cc sector are as follows:
4014.7 4259.5 4336.7 4412.9 4444.1 4477.8 4493.9 Fig. 14 . In Ref. [42] four states were generated from the SU(4) 3-plet at 3.71 GeV, 3.74 GeV and 3.81 GeV and one coming from the SU(4) 15-plet at 4.57 MeV. We might be tempted to identify our three states with those coming from SU(4) 3-plet in Ref. [42] because the similar dominant channels if we do not consider those including vector mesons and 3/2 + baryons. However, the only clear identification that can be done is between our state at 3900.2 MeV and the one in Ref. [42] SU (8) at 3.81 GeV because in this case the dominant channels coincide. For this state, channels with vector mesons and/or 3/2 + baryons do not play a significant role.
The 16 channels in the Ω * cc sector are: respectively (see Table VIII and Fig. 15 ). Compared to Ref. [43] , we observe a similar pattern as observed in the C = 2, S = 0, I = 1/2, J = 3/2 sector. The two expected states are obtained with larger masses and the dominant molecular composition incorporates a vector meson, or a vector meson and 3/2 + baryon state when heavy-quark symmetry is implemented. As indicated also in Ref. [43] , the second resonance should be more reliable as its main molecular contribution comes from the interaction of a baryon with a Goldstone boson. 
The 8 coupled channels in the sector with J = 1/2, are (thresholds in MeV are also indicated):
5386.2 5527.3 5581.6 5608.4 There is only one baryon state generated by the model in this sector. The mass (4358.2 MeV), width (0 MeV) and the couplings are shown in the Table IX and Fig. 16 . In Ref. [42] , a resonance at 4.31 − 4.33 GeV was also obtained. In both schemes, the Ω ccc resonance couples strongly to Ξ cc D and Ω cc D s but in our SU(8) model, the dominant contribution comes from channels with vector mesons and/or 3/2 + baryons. Therefore, this result points to the necessity of extending the coupledchannel basis to incorporate channels with charmed vector mesons and 3/2 + baryons as required by heavy-quark symmetry.
2.
Sector J = 3/2
The 10 channels and thresholds (in MeV) in the sector Ω * ccc are as follows:
5346.5 5467.2 5527.3 5581.6 5608.4 The Ω * ccc resonance with J = 3/2 has a mass approximately 1 GeV below the lowest baryon-meson threshold. This resonance stems from the 120 irrep of SU (8) and it is shown in Table IX + baryons according to heavy-quark symmetry. The large separation from the closest threshold suggests that interaction mechanisms involving d-wave could be relevant for this resonance. This remark applies also to the Ω ccc dynamically generated resonance with J = 1/2.
H. HQSS in the results
The factor SU C (2) × U C (1) in Eq. (4) implements HQSS for the sectors studied in this work. The HQSS group acts by changing the coupling of spin of the charmed quarks, relative to the spin of the block formed by light quarks. At the level of basic hadrons, it reflects in the nearly degeneracy of D and D * mesons, which form a HQSS doublet. Table II. 7 HQSS multiplets form also in the baryon-meson states. Specifically, in the reduction in Eq. (6) and Figs. 1, 2 and 3, the pair (6 2 , 6 4 ) forms a HQSS doublet in the reduction of 21 2,1 , while 3 * 2 is a singlet. Similarly, (3 * 2 , 3 * 4 ) 6 We use "doublet" to indicate that only two multiplets with welldefined CSIJ get mixed by the HQSS group. The space spanned by the eight D or D * states reduces into two dimension four irreducible subspaces under HQSS, corresponding to the four spin states of D and D * with given charge. 7 The classification of basic hadrons into HQSS multiplets can be obtained from the hadron wavefunctions in the Appendix A of [53] . For instance, for Σc and Σ * c the two light quarks are coupled to spin triplet (since they form an isospin triplet and color is antisymmetric) and this can give J = 1/2 or J = 3/2 when coupled to the spin of the charmed quark. A systematic classification can be found in [81] . in 15 2,1 , and (3 2 , 3 4 ) in 6 3,2 , are doublets, whereas all other SU(3) × SU(2) representations are HQSS singlets.
HQSS is much less broken than spin-flavor of light quarks, implemented by SU(6), so HQSS is more visible in the results. If we imposed strict HQSS, by setting equal masses and decay constants as required by the symmetry, exactly degenerated HQSS multiplet would form, regardless of the amount of breaking of SU (6) . We break HQSS only through the use of physical masses and decay constants 8 , but not in the interaction. Therefore we estimate that our breaking is no larger than that present in full QCD. This suggests that the amount of breaking we find is not an overestimation due to the model, on the contrary, we expect to find more degeneracy than actually exists.
The approximate HQSS doublets can be observed in the results by comparing states with equal SU(8) and SU(6)×SU C (2)×U C (1) labels with J = 1/2 and J = 3/2. The only exception is for the Ξ cc states in Table VII where the SU(8) labels are mixed in the two doublets. As noted in Section II B this reflects that exact SU (8) symmetry is broken in the interaction after dropping the channels with extra cc pairs.
For convenience we have arranged the tables so that HQSS partners are in consecutive rows.
So, in Table III 168, 21 2,1 ) ), whereas the states 2643.4 MeV and 2692.9 MeV are partners in (120, 21 2,1 ). Of special interest is the case of Ξ c states. Here we find that the two three star resonances Ξ c (2790) and Ξ c (2815) are candidates to form a HQSS doublet. Further doublets are predicted for Ω c and for the C = 2 resonances, Ξ cc and Ω cc . On the other hand, no doublet is present in the Ω ccc sector. All these considerations, follow unambiguously from the SU(8) structure if the 168 and 120 irreps are dominant, as predicted by the extended WT scheme.
IV. SUMMARY
In the present work, we have studied odd-parity charmed baryon resonances within a coupled-channel unitary approach that implements the characteristic features of HQSS. This implies, for instance, that D and D * mesons have to be treated on an equal footing and that channels containing a different number of c orc quarks cannot be coupled. This is accomplished by extending the SU(3) WT chiral interaction to SU(8) spinflavor symmetry and implementing a strong flavor symmetry breaking. Thus, our tree-level s-wave WT amplitudes are obtained not only by adopting the physical hadron masses, but also by introducing the physical weak decay constants of the mesons involved in the transitions. Besides, and to deal with the UV divergences that appear after summing the bubble chain implicit in the Bethe-Salpeter equation, here we adopt the prescription of Ref. [42] . It amounts to force the renormalized loop function to vanish at certain scale that depends only on CSI. In this manner, we have no free parameters. We have not refitted the subtraction points to achieve better agreement in masses and widths of the few known states.
This scheme was first derived in Ref. [53] , where results for all non strange sectors with C = 1 were already analyzed. Here, we have discuss the predictions of the model for all C = 1 strange sectors and have also looked at the C = 2 and 3 predicted states. The SU(8) model generates a great number of states, most of them stemming from the 4752 representation. The interaction in this subspace, though attractive, is much weaker than in the 168 and 120 ones (−2 vs −22 and −16). Indeed, in the large N C limit, we expect the 4752 states will disappear and only those related to the 168 representation will remain [64] . Besides, being so weak the interaction in the 4752 subspace, small corrections (higher orders in the expansion, d-wave terms, etc) could strongly modify the properties of the states that arise from this representation. For all this, we have restricted our study in this work to the 288 states (counting multiplicities in spin and isospin) that stem from the 168 and 120 representations, for which we believe the predictions of the model are more robust.
A similar study for the light SU(6) spin-flavor sector was carried out in Ref. [63] . There, it was found that most of the low-lying three-and four-star odd-parity baryon resonances with spin 1/2 and 3/2 can be related to the 56 and 70 multiplets of the spin-flavor symmetry group SU (6) . These are precisely the charmless multiplets that appear in the decomposition in Eq. (5) of the 120 and 168 SU(8) representations. Thus, out of the 288 states mentioned above, we are left with only 162 charmed states.
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To identify these states, we have adiabatically followed the trajectories of the 168 and 120 poles, generated in a symmetric SU (8) world, when the symmetry is broken down to SU(6) × SU C (2) and later SU(6) is broken down to SU(3) × SU (2) . In this way, we have been able to assign well-defined SU(8), SU(6) and SU(3) labels to the resonances. A first result of this work is that we have been able to identify the 168 and 120 resonances among the plethora of resonances predicted in Ref. [53] for the different strangeless C = 1 sectors. As expected, they turn out to be the lowest lying ones, and we are pretty confident about their existence. This appreciation is being reinforced by our previous study of Ref. [63] in the light SU(6) sector. Thus, we interpret the Λ c (2595) and Λ c (2625) as a members of the SU(8) 168-plet, and in both cases with a dynamics strongly influenced by the N D * channel, in sharp contrast with previous studies inconsistent with HQSS. Moreover, the changes induced by a suppression factor in the interaction when charm is exchanged do not modify the conclusions (see Appendix A). Second, we have identified the HQSS multiplets in which the resonances are arranged. Specifically, the Λ c , Λ * c sector arranges into two singlets, the Λ c (2595) being one of them, an one doublet, which contains the Λ c (2625). Similarly the Σ c , Σ * c sector contains one singlet and two doublets. For the Ξ c , Ξ * c sector, there are three doublets and three singlets. According to our tentative identification, Ξ c (2790) and Ξ c (2815) form a HQSS doublet. Finally, Ω c , Ω * c states form two doublets and one singlet. Third, we have worked out the predictions of the model of Ref. [53] for strange charmed and C = 2 and C = 3 resonances linked to the strongly attractive 168 and 120 subspaces. To our knowledge, these are the first predictions in these sectors deduced from a model fulfilling HQSS. The organization into HQSS multiplets is also given in this case. There is scarce experimental information in these sectors, and we have only identified the three-star Ξ c (2790) and Ξ c (2815) resonances, but we believe that the rest of our predictions are robust, and will find experimental confirmation in the future. Of particular relevance to this respect will be the programme of PANDA at the future facility FAIR. In this section we discuss the effect of the inclusion of a suppression factor in the interaction when charmexchange is present.
In our approach, the interactions are implemented by a contact term, and each matrix element is affected by the decay constants of the mesons in the external legs of the interaction vertex. In particular, the charm-exchange terms always involve a D ↔ π-like transition, and thus they carry a factor 1/(f π f D ). This source of flavor symmetry breaking turns out to enhance (suppress) these transitions with respect some others like
where there is not charm exchange, and that scale instead like 1/f
On the other hand, only decay constants of light mesons are involved in the t-channel vector-meson exchange models, as the one used in [42] [43] [44] . Nevertheless, there is another source of quenching for charm-exchange interactions, coming from the larger mass of the charmed meson exchanged, as compared to those of the vector mesons belonging to the ρ nonet. Qualitatively, a factor κ c = 1/4 m 2 ρ /m 2 D * is applied in the matrix elements involving charm exchange, whereas κ c = 1 is kept in the remaining matrix elements [44] . The introduction of these quenching factors does not spoil HQSS (note however, that neither the scheme of Ref. [42, 43] nor that of Ref. [44] are consistent with HQSS) but it is a new source of flavor breaking. In this Appendix, we study the effects of including this suppression factor κ c within our scheme. In this case, the potential looks as follows:
(A1) In Tables X and XI Tables III and IV , while the values of the couplings also change in some cases. However, in general, the changes induced by the inclusion of this new source of flavor breaking are not dramatic, and they do not modify the main conclusions of this work.
Appendix B: Baryon-meson matrix elements
In this Appendix the coefficients D ij appearing in Eq. (7) are shown for the various CSIJ sectors studied in this work (Tables XII-XXV) . The D-matrices for the channels with C = 1, S = 0 can be found in an Appendix B of Ref. [53] . The Table for Ξ c and Ξ * c states has been divided in three blocks. 
